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Abstract 
The density, viscosity and refractive index of aqueous sodium salt of α-methylalanine (Na-AMALA) have been measured over the temperature 
range from (298.15 to 333.15) K in the mass fraction range of (0.05 to 0.30). Based on the results obtained, the three physical properties of the 
aqueous Na-AMALA solutions were found to decrease with the increasing temperature and increase with increasing concentration. Each 
physical property was correlated as a function of temperature by least-squares method, and the corresponding coefficients for each property 
were reported here. All properties were correlated well over the whole range of temperatures and concentrations. The determination of the 
thermal expansion coefficients of Na-AMALA solutions by using measured density was shown increased consistently with the increasing the 
temperatures and concentrations. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICPEAM 2016. 
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1. Introduction 
Recently, aqueous amino acid salts have been proposed by many researchers as one of the alternative absorbent used for CO2 
capture. They have amine functionality as alkanolamines which have ability to bind with CO2 and forming stable carbamates or 
bicarbonate through the similar mechanism like amines. As opposed to alkanolamines properties, the loss of aqueous alkaline 
salts of amino acids is low due to low vapor pressure and the presence of ionic structure in the solvent systems [1, 2]. With this 
positive characteristic, most of amino acid salts can be considered as less toxicity to nature [3, 4]. Furthermore, the behavior of 
these solvent have been studied separately in the presence of O2 and/or CO2 and in high temperature operation (stripper 
condition). They observed that amino acids were resisted to thermal and oxidative degradation which induced a high CO2 loading 
capacity [2]. In addition, aqueous solution containing amino acids and alkaline offers less viscosity compared to alkanolamines 
(MEA) [5]. The lower viscosity of absorbent will leads to the small value of interfacial mass transfer resistance between liquid-
gas and possess larger diffusion coefficient of CO2 in the liquid phase. Thus, enhance the CO2 absorption efficiency. Other 
worthy properties of these solvents are their viscosities were remained constant and stable even after CO2-loaded due to the 
existence of hydrogen bonds in the solvent system. This solvent also has been proven by some researchers that it has a good CO2 
solubility. The absorption performance of amino acids is more than to those amine solvents with good CO2 solubility [6]. Amino 
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acids also have attracted significant interest in their application of membrane contactors (MGA) due to their remarkable high 
surface tension and less corrosive rate to the metal compared to alkanolamines [7, 8]. 
Because of the various merits of amino acid salts as CO2 absorbents, the cost of capturing CO2 can be reduced by prevent to a 
loss of solvent during the desorption process which is carried out at high temperature, no additional requirement for solvent 
makeup, they can be cycled used due to resistance to degradation and at the same time can avoid environmental problems. 
Though amino acids have been shown to be promising absorbents for CO2 capture in the laboratory, more studies are required to 
verify their practical applications. The requirement of high energy consumption for CO2 capture have become as one of 
significant concerned with the operation of chemical absorption technology, which effecting the reduction of the energy 
efficiency. Therefore, many studies have been devoted to overcome these inherent problems and as well as improving CO2 
capture efficiency. Similar with alkanolamines, the reactivity of amino acids towards CO2 depends on the number of substituents 
on these compounds which follow the order primary, secondary and tertiary amines. Amino acid can be also classified into four 
main groups which are linear, sterically hindered, cyclic, and poly amino acid salts [9]. Each type of amino acids has certain 
unique advantages due to their physical and chemical properties. Among these types of amino acids, sterically hindered amino 
acids have shown superiority as CO2 absorbent which are having high net cyclic capacities due to their capabilities to release of 
free amine molecules [2] and fast initial desorption rates, which is can help reducing regeneration energy requirements [9]. 
Sterically hindered amino acids can be described as a compound that containing bulky substituents attached to either a secondary 
or tertiary carbon atom [10]. 
In this paper, α-methylalanine (AMALA), which is the hindered form of amino acids, is suggested as one of the potential 
absorbents for CO2 capture. The advantages in this respect include their higher net cyclic capacity (mol CO2/mol amine) 
compared to the net cyclic capacity of linear amino acids (glycine, β-alanine, taurine, γ-aminobutyric acid) and cyclic amino 
acids (proline, 4-hydroxy proline, pyroglutamic acid) [9]. In the design of CO2 gas treating process, it is essential to study the 
physical properties of an absorbent. This study will focus on physical properties of sodium salts of aqueous α-methylalanine (Na-
AMALA) at mass fraction range 0.05 to 0.30 and temperature from 298.15 to 333.15 K. 
2. Experimental section 
2.1. Materials 
α-methylalanine (≥ 98% pure), and sodium hydroxide (≥ 99% pure) were purchased from Merck Sdn. Bhd, Malaysia. They 
were used without further purification. Water, amino acids and sodium hydroxide are measured using an electronic analytical 
balance (Sartorius, model BSA-224S-CW) with ±1∙10−4 g accuracy. All materials mixed with the appropriate proportion to 
achieve the required concentrations (5, 10, 20 and 30% mass). Sodium hydroxide is the active component which used to 
conjugate with the carboxylic group of AMALA and deprotonated the amino group (-NH3
+). 
2.2. Methods 
Density of the Na-AMALA solutions was measured using a Digital Anton Par density meter (DMA-4500 M) with ± 5∙10−5 
g·cm−3 accuracy while for viscosity measurements were done using a digital rolling ball micro viscometer (Anton Par, model; 
Lovis-2000 M/ME) with 0.5% accuracy. For refractive index, all the samples were measured using a digital automatic 
refractometer (Antor Par, model; WR Abbemet) with ± 4∙10−5 nD accuracy. Before starting the experiment, all the equipments 
were carefully calibrated using pure water to ensure the experimental data were reliable. Triplicate measurements were carried 
out to report the data of density, viscosity and refractive index in average. 
3. Results and discussion 
To validate the experimental method used in this work, a series of experiments of density, viscosity and refractive index in 
pure water at 303.15 and 313.15 K were performed. The comparison results obtained are presented in Table 1. The measured 
physical properties of water were in a reasonable agreement with literature values in the temperature range investigated. 
Therefore, the method and the equipment used are considered reasonable and reliable. The percent average absolute deviation 
between experimental and literature (% AAD) was calculated using Eq. (1). 
100
X
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n
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   (1) 
where Xexp and Xlit are the experimental and literature values of the measured properties of pure water, and n is the number of 
experimental points. 
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     Table 1. Comparison of experimental data of density, viscosity and refractive index of pure water with literature values. 
T/K 
 ρ (g∙cm−3)  
This work Literature AAD% 
303.15 0.99620 0.9957 [11] 
0.0503 
313.15 0.99300 0.9925 [12] 
  η (mPa∙s)  
303.15 0.805 0.804 [12] 
0.3415 
313.15 0.664 0.660 [12] 
  nD  
303.15 1.33235 1.33240 [12] 
0.0045 
313.15 1.33046 1.33053 [13,14] 
 
The measured densities for Na-AMALA solutions at temperature 298.15 to 333.15 K are shown in Table 2 and Fig. 1(a). The 
densities of the present aqueous salts are found to decrease as the temperature increases and increase as the concentration 
increases. This is due to the kinetic energy of the molecules increases at high temperature, resulting more free volume of the 
solvents, thus decreasing the density. However contrary to the case of concentration, which the mobility of the molecules in the 
concentrated solvent are limited and compact than that of lower mass fraction solutions, therefore increased the density. Similar 
trend of variation are found in other amino acid salt systems [15, 16]. 
     Table 2. Densities of different mass fractions of aqueous Na-AMALA. 
Density (ρ, g∙cm−3) 
T/K w = 0.05 w = 0.10 w = 0.20 w = 0.30 
298.15 1.01622 1.03241 1.06937 1.10645 
303.15 1.01464 1.03065 1.06723 1.10390 
308.15 1.01287 1.02873 1.06496 1.10124 
313.15 1.01092 1.02665 1.06256 1.09849 
318.15 1.00880 1.02442 1.06005 1.09566 
323.15 1.00653 1.02206 1.05743 1.09275 
328.15 1.00412 1.01955 1.05471 1.08974 
333.15 1.00157 1.01692 1.05188 1.08667 
 
The density values of the present aqueous salts of Na-AMALA were fitted using the following linear equation: 
ΤΑΑρ 10     (2) 
where ρ is the density (g∙cm−3), A0 and A1 are the correlation coefficients, and T is the temperature. The percentage average 
absolute deviation (% AAD), were calculated by using the following equation: 
100
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calexp u ¦    (3) 
where Xexp and Xcal are the experimental and calculated values of the measured properties, and n is the number of experimental 
points. The estimated values of correlations A0 and A1 is shown in the Table 3 and the average value of % AAD is found to be 
0.02924%. 
     Table 3. The estimated values of correlation parameters for Eqs. (2), (5) and (6) 
Mass fraction, w Fitting parameter for Eq. (2)  Fitting parameter for Eq. (5)  Fitting parameter for Eq. (6) 
A0 A1∙104  B0∙10−2 B1∙102  C0 C1∙104 C2∙107 
0.05 1.14199 -4.19881  2.56164 1.88011  1.31827 2.72321 -6.69524 
0.10 1.16509 -4.43262  4.28781 1.97717  1.34825 1.27911 -4.39921 
0.20 1.21899 -5.00444  21.66125 2.35420  1.48972 -6.81805 8.58730 
0.30 1.27540 -5.65619  38.84120 2.37912  1.51323 -7.13418 8.76905 
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Fig. 1. (a) Density of aqueous Na-AMALA solutions; () 0.05; (U) 0.10; (□) 0.20; (○) 0.30, (b)Comparison between experimental values versus predicted 
values of density of aqueous Na-AMALA 
The values of density as function of temperature were used to estimate the thermal expansion coefficients using the following 
equation: 
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where α (K−1) is the thermal expansion coefficient, ρ (g∙cm−3) is the density, T (K) is the temperature, A0 and A1 are the fitting 
parameters of Eq. (4). Thermal expansion coefficient describes the effect of the temperature change in the volume. In the present 
study, shows that the thermal expansion coefficients of the Na-AMALA solutions are increased with increasing temperature and 
concentration as expected [17, 18]. It found that, the thermal expansion coefficients do not noticeably change with the 
temperature studied, which is the values in the range of (4.13×10−4 to 5.21×10−4) K−1. The estimated values of thermal expansion 
coefficients are listed in Table 4. 
     Table 4. Estimated thermal expansion coefficients at different temperatures. 
Thermal coefficient expansion (α∙104, K−1) 
T/K w = 0.05 w = 0.10 w = 0.20 w = 0.30 
298.15 4.13 4.29 4.67 5.11 
303.15 4.14 4.30 4.68 5.13 
308.15 4.15 4.31 4.70 5.14 
313.15 4.16 4.32 4.71 5.15 
318.15 4.17 4.33 4.72 5.17 
323.15 4.17 4.33 4.73 5.18 
328.15 4.18 4.34 4.74 5.19 
333.15 4.19 4.35 4.75 5.21 
 
Viscosity is one of the main property that essential to be considered in control the power consumption of the pump as well as 
the transportation of fluid through the pipeline into the processing units. For further calculation in the design of CO2 gas treating 
also relies significantly on the viscosity data. The measured viscosities for aqueous salts of Na-AMALA at different temperatures 
are presented in Table 5 and Fig. 2(a). At constant temperature, the viscosity tends to increase as the concentration increased. The 
high viscosity values may be owing to the stronger internal resistance of the molecules in the solutions since more solute 
molecules exist in the solutions. Alternatively at constant concentration, the viscosity of Na-AMALA solutions decreases with 
increasing temperature. The reason is the existence of lack intermolecular forces between molecules in the solvents, increased the 
molecules mobility and reduced the fluid resistance to flow. The similar trends of variation in amino acid salts are reported by 
other studies [18, 19].  
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     Table 5. Viscosities (in mPa∙s) of different mass fractions of aqueous Na-AMALA. 
Viscosity (η, mPa∙s) 
T/K w = 0.05 w = 0.10 w = 0.20 w = 0.30 
298.15 0.96293 1.20750 1.97087 3.34867 
303.15 0.86010 1.07160 1.77343 2.88790 
308.15 0.77283 0.95913 1.49957 2.48820 
313.15 0.69923 0.86353 1.32547 2.16703 
318.15 0.63710 0.78300 1.18460 1.97210 
323.15 0.58390 0.71523 1.06447 1.78183 
328.15 0.53787 0.65500 0.96183 1.59630 
333.15 0.49803 0.60267 0.87450 1.43493 
 
The measured viscosities with the temperature were fitted using the following equation: 
 ΤΒexpΒη 10     (5) 
where η is the viscosity (mPa∙s), B0 and B1 refers to correlation coefficients. The estimated values of the correlation 
parameters B0 and B1are presented in Table 3 and the average value of % AAD is 1.60225%. 
 
 
Fig. 2. (a)Viscosity of aqueous Na-AMALA solutions; () 0.05; (U) 0.10; (□) 0.20; (○) 0.30, (b) Comparison between experimental values versus predicted 
values of viscosity of aqueous Na-AMALA. 
The knowledge of refractive index are useful in determination of solutes concentration in the solution, purity and to measure 
molar refraction of the solvents. The measured refractive indices for an aqueous solution of Na-AMALA are given in Table 6 and 
the experimental values are plotted as a function of temperature in Fig.3(a). It found that the refractive index of Na-AMALA 
solutions increase with increasing the concentrations, while the opposite trend is observed when increasing the temperature. This 
is affected by molecules movement in both circumstances, which provide greater chances of the light to strike the molecules 
more often in concentrated solution and at high temperature, thus resulting the refractive index to increase. The similar trends of 
amino acids aqueous systems also found by others authors [20, 21]. 
     Table 6. Refractive indices (nD) of different mass fractions of aqueous Na-AMALA. 
Refractive index (nD) 
T/K w = 0.05 w = 0.10 w = 0.20 w = 0.30 
298.15 1.33993 1.34725 1.36270 1.37846 
303.15 1.33929 1.34662 1.36196 1.37746 
308.15 1.33866 1.34594 1.36133 1.37681 
313.15 1.33789 1.34517 1.36038 1.37586 
318.15 1.33713 1.34442 1.35967 1.37499 
323.15 1.33634 1.34361 1.35900 1.37414 
328.15 1.33552 1.34283 1.35843 1.37354 
333.15 1.33471 1.34207 1.35794 1.37294 
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The dependence of measured refractive index on temperature can be fitted by the following equation: 
2
Dn ΤCΤCC 210     (6) 
where nD is refractive index, C0, C1, and C2 are the fitting parameters, and T is temperature. The estimated values of fitting 
parameters C0, C1, and C2are presented in Table 3 and the average value of %AAD is 0.00953%. 
 
 
Fig. 3 (a) Refractive index of Na-AMALA solutions; () 0.05; (U) 0.10; (□) 0.20; (○) 0.30, (b) Comparison between experimental values versus predicted 
values of refractive index of aqueous Na-AMALA. 
As shown in the Fig.1(b), 2(b),and 3(b),the experimental data of three physical properties are in good agreement with the 
calculated values. Hence, the proposed correlations could be used to obtain the reliable prediction of the three physical properties 
of the aqueous amino acid salts investigated in the range of concentrations and temperatures in the present work. 
4. Conclusion 
Densities, viscosities and refractive indices of aqueous sodium salt of α-methylalanine solutions (Na-AMALA) were 
measured at a range of temperatures from (298.15 to 333.15) K and at mass fractions of (0.05 to 0.30). Based on the results, the 
physical properties of solutions were expected to decrease significantly with temperature. This is due to the rise in kinetic energy 
of the molecules within the solutions. However, in the existence of more molecules in the aqueous systems, the values of the 
densities, viscosities and refractive indices were found to increase as the concentration increases at fixed temperature. The 
properties measured were successfully correlated well by using standard mathematical equations (least-squares method). The 
proposed correlation could be used to predict the density, viscosity, and refractive index data in the present aqueous solutions as 
shown by overall % AAD values of the measured properties. Whereas, a linear trend was observed for the thermal expansion 
coefficient data; the values increase as the temperature and concentration increases but only in small increment of solution 
volume. Therefore, the present data of aqueous salt of Na-AMALA could be used further for the design of CO2 removal process. 
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